INTRODUCTION
Although brain tumors are uncommon, they are associated with significant mortality and morbidity; the estimated 5-year survival rate of these cancers in adults is only 34%. [1, 2] About 81% of malignant brain tumors are gliomas. [2] Astrocytoma, ependymoma, and oligodendroglioma are the three main types of gliomas. [2] The cause of glioma remains largely unknown; established risk factors include increasing age, male sex, white race, and inherited syndromes. [3] Several occupations, environmental studies found no linkage between intakes of total red meats, [8] cured meats, [8] [9] [10] individual red meat items, [4, 9] and risk of glioma. However, in an international case-control study that pooled data from eight study centers in six countries, [10] marginally significant positive associations were found between intake of red meat and glioma. A meta-analysis of six observational studies in 2003 suggested a 48% increased risk of glioma in adults with high intakes of cured meat. [11] However, that study was limited [11] in the inclusion of all available documents, including a cohort study [12] and two case-control studies. [8, 13] In addition, the authors of the meta-analysis considered data on total N-nitroso compounds (NOC) along with data on cured meat intake in relation to gliomas. Moreover, findings from two large prospective cohort studies, [14, 15] published after 2003, revealed no significant association between intake of red or processed meats and risk of glioma. Due to the rarity of this disease, most studies addressing the possible contribution of meat consumption to glioma included relatively few cases which limit the statistical power of any individual study to detect associations. Given the limitations of the existing metaanalysis [11] and publication of several other studies, [8, 10, [13] [14] [15] [16] [17] [18] we conducted a systematic review and meta-analysis of observational studies to assess the relationship between red and processed meat intake and risk of glioma.
MATERIALS AND METHODS

Search strategy
We performed a systematic review and meta-analysis of observational studies assessing the relation between meat intake and risk of glioma. This review was conducted in accordance with the preferred reporting items for systematic reviews and meta-analysis guideline. [19] Two authors (PS and AE) independently conducted a systematic literature search of the PubMed/Medline, ISI Web of Knowledge, Excerpta Medica database, Ovid database, Google Scholar, and Scopus databases for relevant reports published from database inception through May 2014. Our search strategy was based on the following MeSH terms: ("Glioma" or "glioblastoma" or "oligodendroglioma" or "oligoastrocytoma" or "ependymoma" or "glial cell tumor" "astrocytoma" or "brain cancer" or "brain tumor" or "brain neoplasm" or "intracranial tumor") and ("meat" or "diet" or "risk factor" or "n-nitroso" or "nitroso compounds" or "nitrates" or "nitrosamines"). No language limitation was imposed. In additional, a manual search of relevant studies' references was performed to find additional reports.
Inclusion criteria
We adopted the following inclusion criteria: 1. All studies considered the red and processed meat intake as exposure and glioma or total brain tumors in adults as an outcome;
2. Studies reported that the estimates of relative risk (RR), odds ratio (OR) or hazard ratio (HR), with corresponding 95% confidence interval (CIs).
"Unprocessed red meat" was defined as unprocessed beef, pork, lamb, or game, with or without fish and poultry. Studies considered as poultry and fish intake in relation to glioma were not included in this analysis. "Processed meat" was defined as types of meat that processed by smoking, salting, curing. Bacon, sausages, hot dogs, salami, and ham were included in the category of "processed meat." "Total red meat" was defined as unprocessed red meat and processed meat combined. We did not exclude studies that reported the ORs or RRs for total meat (red and white meat combined) consumption only; however, the analysis was done with and without these studies.
Excluded studies
When more than one report based on the same study population [20, 21] was published, only the most comprehensive publication [20] was included in this meta-analysis. We also excluded papers that examined specifically childhood gliomas, [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] because a previously published meta-analysis has examined almost all these papers. [32] Some studies did not report ORs or RRs for meat intake were not included in this meta-analysis. [33, 34] These data could not be obtained even through a request from the authors. The report by Schwartzbaum et al. [35] was removed due to reporting ORs for nitrite intake rather than meat intake.
Data extraction
The data extraction and evaluation of study quality were conducted independently by two reviewers (PS and AE). The following data were extracted: First author's last name, year of publication, country, study design, gender, follow-up years, and person-year for prospective studies, number of subjects (cases, controls or cohort size), criteria for diagnosis of glioma, exposure variables (red meat, processed meat, total meat or other meat items), method of exposure assessment (food frequency (FFQ) questionnaire, other tools), factors used for matching cases and controls, covariates adjusted for, and the risk estimates with corresponding 95% CIs. Some studies [4, 17, 36, 37] had reported risk estimates for separately processed meats items. To include in the meta-analysis, we combined the risk estimates of these items in each study and the combined effect size was used as the ORs for processed meat intake. A cohort study [14] included in the present study had provided RRs for total meat with and without white meat; in this case, we used only RRs for total meat without white meat in our analysis. For the dose-response meta-analysis, we tried to gather this information from each study: The number of cases and the total number of participants (or person-time) for each category, the RRs with CIs for at least two exposure categories; and the mean or median meat consumption for each category.
Assessment of methodological quality
The quality of included studies was examined by using the Newcastle-Ottawa Scale (NOS). [38] For cohort and case-control studies included in the analysis, we used their own specific methods. The NOS assigns a maximum of nine points to each study: Four for selection, two for comparability, and three for assessment of outcomes (for cohort study) or exposures (for case-control study). In the current analysis, when a study got more than median stars, it was considered as relatively high quality; otherwise, it was deemed to have low quality. [38] Any discrepancies were resolved by discussion.
Statistical analysis
Main outcome variables were measures of RRs and ORs for the association between unprocessed, processed, total red meat intake, and glioma. Reported RRs and ORs (and their 95% CIs) were used to calculate log RR and its standard error. Since the prevalence of glioma was relatively low, ORs and HRs were directly considered as RRs. Using a random effects model takes between study variation into account, the overall effect size was calculated. The sources of between study heterogeneity were evaluated by Cochran's Q and I square (I 2 ) tests. I 2 values range between 0% and 100%, and I 2 values of 25, 50, and 75% are referred to as low, moderate, and high estimates, respectively. These sources of heterogeneity were detected by subgroup analysis. Between subgroup heterogeneity was examined through fixed effects model. Sensitivity analysis was done to examine the extent to which inferences might depend on a particular study. The publication bias was assessed by visual inspection of Begg's funnel plots. Formal statistical assessment of funnel plot asymmetry was done by Egger's regression asymmetry test. Statistical analysis was conducted using STATA version 11.2 (STATA Corp., College Station, Texas, USA). P < 0.05 was considered as statistically significant.
RESULTS
Study characteristics
The preliminary literature search yielded 723 unique articles. Of these, 29 articles and three additional reports, identified from the reference lists, were considered for further review [ Figure 1 ]. After the full-text review, 18 articles (including 14 case-control studies, [4, 6, [8] [9] [10] 13, 17, 18, 20, 36, 37, [39] [40] [41] three cohort studies, [12, 14, 15] and 1 nested case-control study [16] had presented data on unprocessed red meat (n = 8 studies), processed meat (n = 17 studies), and/or total red meat (n = 4 studies) consumption in relation to glioma fulfilled our inclusion criteria [ Figure 1 ]. The characteristics of these studies are presented in Table 1 .
Findings from systematic review
Fifteen studies provided RRs or ORs for gliomas, and three had considered brain cancer among adults in general. Jointly these studies had included 8,25,731 individuals aged 15-100 years (4,441 glioma cases); one report did not specify the number of glioma cases separately from other brain cancer subtypes. [17] These studies were published between 1986 and 2013. Of 18 studies, nine originated from the USA, [6, 8, 9, [12] [13] [14] [15] [16] 20] two from Canada, [4, 17] two from Europe, [36, 37] one from Australia, [41] one from Israel, [39] one from Iran, [18] one from China, [40] and one from the USA, Europe and Australia. [10] Of these articles, one study was done on men, [20] one on women, [9] and others had included either gender, [4, 6, 8, 10, [12] [13] [14] [15] [16] [17] [18] 36, 37, [39] [40] [41] but only two studies had reported their findings separately for men and women. [6, 41] Most studies had verified cases through histological examination; however, some studies had used cancer registries. Eight studies had provided data on unprocessed red meat intake; [8, 10, 12, 18, 33, [39] [40] [41] 14 on processed red meat intake; [6, [8] [9] [10] [11] [12] [13] [14] [15] [16] 18, 20, 39, 41] four on only processed red meat items [4, 17, 36, 37] and four on total meat intake. [14, 15, 17, 41] Reported RRs for unprocessed red meat intake were in the range of 0.80-2.50, for processed red meat intake ranged from 0.54 to 3.72, and for total red meat intake was between 0.85 and 1.43. Among 14 case-control studies included in this review, three studies had recruited controls from hospitals (hospital-based), [4, 18, 40] and nine were populationbased studies had recruited controls from the general population. [6, [8] [9] [10] 13, 17, 20, 37, 41] The remaining two case-control studies had enrolled controls from the general population and also from the hospitals. [36, 39] Mean follow-up duration for cohort and nested case-control studies ranged from 6 to 24 years
. [12, 14, 15] Almost all studies were matched for age and sex (if applicable) or had adjusted for their effects, except two studies [9, 14] that have considered only one of these confounders. Six studies had controlled for total energy intake, [8, 14, 15, 17, 18, 40] others did not. The area of residence (n = 6 studies), education (n = 5 studies), and smoking/tobacco (n = 4 studies) were also controlled for in some studies. Meat consumption was assessed by either FFQ or structured questionnaires. In terms of study quality, nine studies were awarded seven or more stars, [6, 8, 10, [13] [14] [15] 17, 20, 41] indicating that the overall quality of the studies was relatively high. The remaining nine studies were considered to have low quality according to NOS criteria.
Unprocessed red meat intake and risk of glioma
Eight studies, [8, 10, 12, 18, 33, [39] [40] [41] which provided nine estimates, analyzing unprocessed red meat consumption were included in this meta-analysis. The summary RR for these nine effect sizes was 1.14 (95% CI: 0.98-1.33) for the highest versus the lowest category of unprocessed red meat intake [ Figure 2] , with little evidence of between study heterogeneity (P for heterogeneity = 0.35, I 2 = 10.1%), indicating a trend toward positive association between unprocessed red meat intake and risk of brain cancers. Subgroup analysis based on the main outcome revealed a significant association for glioma (summary RR: 1.30; 95% CI: 1.08-1.58, P for heterogeneity = 0.47, I 2 = 0.0%), and no association for total brain cancer (RR = 0.99, 95% CI: 0.82-1.19, P for heterogeneity = 0.89, I 2 = 0.0%) [ Figure 2 ]. The results from further analysis according to study design, Figure 2 : Forest plots of the association between intake of unprocessed red meat and glioma risk, stratified by study outcome. Relative risk stands for relative risk adjustment (or nonadjustment) for energy intake, dietary assessment tools and study quality are presented in Table  2 . When we confined the analysis to the studies that had controlled for energy intake, no significant link was found between unprocessed red meat consumption and brain cancers (1.04; 0.77-1.42), whereas a significant positive association was seen in papers that had not adjusted for energy intake (1.27; 1.05-1.55). When we examined whether type of dietary assessment tools used in different studies can explain the source of between study variability, we found that the pooled RRs were 1.10 (95% CI: 0.90-1.33, I 2 = 15.5%, P for heterogeneity = 0.31) and 1.13 (95% CI: 1.01-1.70, I 2 = 0.0%, P for heterogeneity = 0.72), for studies that had used FFQ questionnaire and other dietary assessment tools, respectively. Subgroup analysis based on study design and study quality revealed that these factors could not explain between study heterogeneity. When we excluded the two studies [12, 18] had included fish and poultry intake in the category of unprocessed red meat, the findings did not change significantly (summary RR for glioma: 1.26; 95% CI: 1.03-1.53, and for brain cancers: 0.99; 0.82-1.19). Sensitivity analysis indicated that no single study influenced the findings. In addition, no evidence of publication bias was found (P = 0.68, Begg's test).
Consumption of processed meats and risk of glioma
In a meta-analysis of the 17 included studies, [6, [8] [9] [10] [11] [12] [13] [14] [15] [16] 18, 20, 39, 41] provided 19 effect sizes, the overall combined RR for the highest versus the lowest category of processed meat intake and risk of glioma were 1.14 (95%CI: 0.98-1.33) indicating a trend toward a positive association between processed meat consumption of risk of brain cancers, with moderate evidence of between study heterogeneity (P for heterogeneity = 0.01, I 2 = 50.6%) [ Figure 3 ]. Subgroup analysis based on study design was done to examine this as a source of heterogeneity; study design could completely explain between study heterogeneity; high intake of processed meat intake was associated with a 26% greater risk of glioma in population-based (95%CI: 1.05-1.51) and a 21% lower risk in hospital-based case-control studies (95%CI: 0.65-0.97). No significant association was seen in prospective studies (RR: 1.08; 95%CI: 0.84-1.37). There was no statistically significant heterogeneity between cohort (P for heterogeneity = 0.40, I 2 = 0.0%), population-based case-control (P for heterogeneity = 0.06, I 2 = 46.0%), and hospital-based case-control (P for heterogeneity = 0.36, I 2 = 2.2%) subgroups. The findings of subgroup analysis based on energy adjustment status, main outcome, dietary assessment tools, and study quality are provided in Table 2 . In further analysis according to adjustment for energy, no significant association was observed for energy adjusted RRs (RR = 0.98, 95% CI: 0.85-1.13, I 2 = 0.0%, P for heterogeneity = 0.59), while a significant association was detected for unadjusted RRs (RR = 1.28, 95% CI: 1.03-1.59, I 2 = 59.8%, P for heterogeneity = 0.01). The associations did not vary significantly by study outcome, dietary assessment tools, and study quality. Sensitivity analysis revealed that no single study substantially influenced the findings. No asymmetry was seen in Begg's funnel plot (P = 0.51), and no evidence of significant publication bias was found using Egger's test (P = 0.07).
Total meat intake and risk of glioma
Combining five effect sizes provided from four studies [14, 15, 17, 41] for total meat intake, we found an overall summary RR of 1.05 (95%CI: 0.89-1.25) for glioma; with little evidence of between study heterogeneity (P for heterogeneity = 0.33, I 2 = 12.7%) [ Figure 4 ]. The results of the further analysis are shown in Table 2 . Excluding the study [17] reported total processed and unprocessed red meat in combination with white meat intake did not significantly change the summary RR for glioma (RR = 1.06, 95% CI: 0.82-1.37). No asymmetry was seen in Begg's funnel plot, indicating no evidence of publication bias (P = 0.63, Begg's test).
DISCUSSION
Findings from this meta-analysis indicated a positive significant association between red meat intake and risk of gliomas (after excluding studies with unspecified brain cancers). In addition, we found that processed red meat intake was associated with increased risk of gliomas in population-based case-control studies, but with reduced Figure 4 : Forest plots of the association between intake of total red meat and glioma risk. Relative risk stands for relative risk Figure 3 : Forest plots of the association between intake of processed meats and glioma risk, stratified by study design. Relative risk stands for relative risk odds in hospital-based case-control studies. The risk of gliomas was not related to unprocessed, processed, or total red meat consumption in cohort studies.
Although gliomas are uncommon, they are associated with significant morbidity and mortality in adult populations. As diet is a potentially modifiable behavior, studying the association between processed and unprocessed red meat intake and gliomas might result in an important disease prevention strategy. Previous meta-analysis of observational studies has shown that processed, unprocessed or total red meat intake was associated with an increased risk of esophageal [42] and lung cancer, [43] colorectal adenomas, [44] bladder, [45] and renal cancer. [46] The findings of the present meta-analysis also revealed a positive significant association between unprocessed red meat consumption and increased risk of glioma. In line with our study, the above mentioned meta-analysis has also included several case-control reports and a few number of cohort studies. In general, positive findings on diet-cancer relations obtained from case-control studies have often not been confirmed in prospective cohort studies, for example the relationships between fruits and vegetables, or dietary fat and risk of specific cancers [47, 48] which were observed in case-control studies, were not confirmed in prospective cohort studies. Findings from case-control studies might be misleading due to several methodological limitations that have clearly been stated in other publications. [47] [48] [49] [50] The null overall finding on the association between consumption of processed and total red meat and risk of glioma in our meta-analysis were in agreement with the results of cohort studies. [12, [14] [15] [16] Metaanalysis of prospective studies on other types of cancers has also failed to find a significant association between red and processed meat intake and risk of ovarian [51] and prostate cancer. [52] In line with our findings, some other meta-analysis of other cancers have also documented no significant association in prospective studies, despite a positive relation between processed meat intake and risk of esophageal and gastric cancer in case-control investigations. [49, 50] In the present meta-analysis, we found a positive association between unprocessed red meat intake and risk of gliomas based almost entirely on case-control studies; but not in cohort studies. Lack of finding a significant association between red meat intake and risk of cancer in prospective studies might be explained by the controlling for total energy intake in these studies. On the other hand, most case-control studies had reached a significant association did not consider total energy intake in their analysis. When we did the analysis separately for studies had controlled for energy intake and those that had not adjusted for, we found a positive association between unprocessed and processed meat intake and risk of adult glioma for publications that had not taken total energy intake into account. This association was not observed for studies that had controlled for energy intake. Therefore, it seems that the association between red meat intake and risk of glioma (or even other cancers) in the case-control studies is mainly due to energy intake rather than specifically red meat intake. Another hypothesis is the macronutrient composition of red meat might be involved in the pathophysiology of cancers; however, the key role of NOC cannot be excluded. Whether the association between unprocessed or processed red meat consumption and glioma can be mediated through total energy intake warrants further investigations, although this may simply be an artifact in case-control studies.
When investigating red meat-cancer relations, dietary intakes of antioxidants should be considered as potential confounding factors because they have been suggested to protect against gliomas. Any association between high red meat intake and risk of glioma might be in part attributed to low intake of Vitamins E and C that have been shown to protect cells against oxidative damage and are hypothesized to reduce the risk of cancer. [53] It is worth noting that only 4 (out of 18) studies [6, 10, 17, 18] included in this meta-analysis, had controlled for intake of antioxidants.
Available studies on the red meat and gliomas associations have not provided any information about dose-response relations. Demonstration and characterization of doseresponse relations may suggest a firmer causal association. Eight studies (out of 18) included in the present metaanalysis had quantified meat intake as a dichotomous variable of "high" versus "low" intake or as "any" versus "never" consumption. Others had categorized participants according to tertiles or quartiles of red meat intake. As most studies did not provide any information on the mean or median of red meat intake in each category, it was impossible for us to do a dose-response analysis. Future investigations should take this important point into consideration.
As random effects models give larger weights to small extreme studies, some investigators believe that fixed effects model, which assumes a single common (or "fixed") effect underlies every study, should be used to summarize associations across studies in the meta-analysis. [54] In the present study, we used random effects models to calculate the overall effect size. We also repeated the analysis by using the fixed effects model; although the CIs were relatively narrow, the results did not change significantly.
Several potential mechanisms for the association between red and processed meat intake and risk of glioma have been suggested. Preservation, cooking, and/or processing methods might result in the high levels of mutagens and carcinogens including NOC, heterocyclic amines, and polycyclic aromatic hydrocarbons; many of them have been shown to induce tumors at several sites. [55] In experimental studies, intravenous administration of NOCs such as N-methyl-N-nitroso urea and N-ethyl-N-nitroso urea, could induce glioma. [56] Heme iron, which is abundant in red meat, has also been shown to stimulate endogenous NOC production. [57] In addition, high levels of saturated fat present in red meat may influence the penetration of blood-brain barrier and increase membrane permeability to carcinogens. [58] The strength of the present meta-analysis lies in a large sample size (8, 25 ,731 subjects and 4441 glioma cases) and no significant evidence of publication bias. We used a prospectively defined protocol, explicit study inclusion criteria and comprehensive literature search. Furthermore, our findings were stable and robust in sensitivity analysis. However, several limitations should be noted. Although epidemiological data have shown the greater incidence of glioma in men than in women, [59] a gender-stratified separate was not possible in this meta-analysis since only two studies had provided results separately for men and women. In addition, total energy intake had not been considered as a confounding factor in several included studies. Residual confounding by other inadequately measured covariates could also be of concern. Another limitation is that red meat consumption was self-reported through questionnaires, which might inevitably lead to some misclassification of exposure. Moreover, most publications were of case-control design. Thus, the possible recall and selection bias may confound the relationship. On the other hand, we were unable to analyze data by various types of glioma (e.g. glioblastoma, astrocytoma, etc.) because data were scant. Brain tumors are characterized by a striking variation in biology and natural history. The observed differences in their biological behavior imply the existence of differences at the genetic and cellular level, with possible distinct etiologies based on the tissue of origin. Failure to stratify on histology, even among the gliomas, may mask or attenuate a causal association when one in fact exists.
In this meta-analysis of observational studies, we found a positive association between unprocessed red meat intake and risk of gliomas based almost entirely on case-control studies. Processed meats and total red meat intake were not related to the risk of gliomas in case-control or cohort studies. Further studies, particularly well-designed prospective studies, are needed to evaluate these relationships.
